Performance Evaluation of Covalent Organic Polymer Adsorbent Prepared via Microwave Technique for CO2 and CH4 Adsorption  by Yaqub, Sana et al.
 Procedia Engineering  148 ( 2016 )  249 – 253 
Available online at www.sciencedirect.com
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICPEAM 2016
doi: 10.1016/j.proeng.2016.06.604 
ScienceDirect
4th International Conference on Process Engineering and Advanced Materials 
Performance evaluation of covalent organic polymer adsorbent prepared via 
microwave technique for CO2and CH4adsorption 
Sana Yaqub, Lee Siew Pei, Nurhayati Mellon* and Azmi M Shariff 
Research Centre for CO2 Capture (RCCO2C), Chemical Engineering Department, Universiti Teknologi PETRONAS, 32650 Bandar Seri Iskandar, Perak, 
Malaysia 
 
Abstract 
The application of covalent organic polymer for CO2 capture has gained interest due to its high CO2 adsorption capacity and high hydrothermal 
stability. Commonly synthesized via either polycondensationreaction or coupling reaction, with conventional heating, the synthesis of these 
covalent organic polymers adsorbent are very lengthy, i.e. 12 to 24 hours. This paper reports the synthesis of covalent organic polymer 
adsorbent via microwave heating resulting in up to 75% shorter synthesis time as compared to conventional technique.  The synthesized 
adsorbent, COP-4A and COP-4B,hasBET surface area of 1397 m2/g and 1461 m2/g, respectively, with CO2 uptake of up to 49.3 mg/g and 69.4 
mg/g, respectively, at 1 atm and 298K operating condition. Thus, the covalent organic polymer adsorbent prepared via the microwave assisted 
technique has similar performance in comparison to previously reported work, with the advantage of shorter synthesis time.  
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1. Introduction 
The increasing CO2 emission in Malaysia is a major concern as the Malaysian government has recently set a voluntary target to 
reduce 40% of its CO2 emission in the year 2020 as compared to the year 2005 as part of its journey to become high income 
nation by the year 2020.  However, despite the various incentives in place such as the Renewable Energy Act in 2011 and Five-
Fuel Diversification Strategy Energy Mix in 1999 [1], the CO2 emission in Malaysia is still increasing (World Bank Data, 2015).  
According to the data published  by the Malaysian Green Technology Corporation, the major contributor of CO2 emissions are 
the energy industries, including from the oil and gas sector (35%), transportation (21%), manufacturing and construction 
industries (16%) and the forest and grassland conversion (14%).  The discovery of new reservoirs with high CO2 content will 
have an impact on the CO2 emission as the amounts of CO2 from these reservoirs are significant (up to 78% CO2). Thus, there is 
a need for an efficient CO2 capture process, be it a new technology portfolio or improved material for CO2 capture. 
 Currently, the most common method for CO2 removal is through absorption processes, which is an established method and 
are often used as the benchmark for other new technologies for CO2 capture. However, their disadvantage of high energy 
consumption for regeneration and BTEX (benzene, toluene, ethylbenzene and xylene) emission as well as the large volume of 
absorbent required for the large volume of gas renders the process unattractive [2].   
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 Adsorption process for CO2 capture is a growing area and has attract a lot of interest due to the discovery of new class of 
adsorbent, for example, MOF, COF and COP which has high CO2 adsorption capacity as well as selectivity towards CO2 capture. 
The discovery of metal organic framework (MOF) and microporous organic polymer (MOP) such as covalent organic framework 
(COF) and covalent organic polymer (COP) is one of the breakthroughs in the adsorbent development [3 – 7]. The attractive 
aspect of the materials is the flexibility in structure tuning and properties through rational chemical design and synthesis. As 
compared to the commercial adsorbents like zeolite [8], COPs derived by Patel and the research team [5-6] shows great potential 
in CO2 removal from post combustion process. The adsorption capacity of COP-1 of up to 5616 mg/g at 65
oC and 200 bar 
pressure has been reported in literature [5], which is higher than any known adsorption capacity of any adsorbent material for 
CO2. 
 The most common method for COP synthesis is via the polycondensation reaction between core and linker e.g. cyanuric 
chloride andpiperazine [5-6], or 1,3-5 tris-(4-aminophenyl)triazine and terephthaldehyde [9]  or via the coupling reaction such as 
the Yamamoto coupling reaction e.g. between triazine and bipiridyl [7]. All these method utilizes the conventional heating 
technique in which the synthesis time may differ from 12 hours to as long as 21 hours. Microwave synthesis method has been 
used for the synthesis of many polymer materials due to its ability to produce localized heating leading to shorter reaction time, 
increase in yield as well as lower side reactions [10 – 12] while maintaining the physical and chemical properties of the 
compound. The reaction time is one of the most important parameter as prolonged exposure to microwave irradiation and 
application of high microwave power may lead to overheating and product decomposition [13-14]

This paper reports the synthesis of COP adsorbent using alternative method of microwave synthesis with different synthesis time. 
The characterization of the synthesized COP adsorbent and their adsorption performance is reported. 
 
2. Methodology 
2.1. Materials synthesis 
1,5-cyclooctadiene (99% stabilized, nitrogen flushed), bis(1,5-cyclooctadiene)nickel(0) ([Ni(cod)2], 2,2’-bipyridyl, 
Dimethylformamide (DMF) were purchased from Acros Organics. 2,4,6-tris-(4-bromophenyl)-[1,3, 5] triazine was purchased 
from Sigma Aldrich. Concentrated HCl, chloroform and tetrahydrofuran (THF) were purchased from Fischer Scientific.  DMF 
was dried with CaH2 by reflux heating at 160
oC prior to utilization.  All other chemicals are used without further purification. 
 The synthesis method proposed by Xiang et. al [7] was adopted, with heating taking place in a microwave reactor (Synthos 
3000, Anton Paar reactor).  0.96g of bis (1,5-cyclooctadiene) nickel(0) and 0.544 g of 2,2’-bipyridyl was mixed in 55ml DMF in 
a reaction vessel. 0.425 mL of 1,5-cyclooctadiene was added in the reaction vessel and all reagents are mixed under nitrogen 
atmosphere.0.3638 g of 2, 4, 6-tris-(4-bromophenyl)-[1, 3, 5] triazine (TBT) was added and a purple suspension was formed. 
Once this purple solution was homogenized, the reaction mixture was heated in a microwave reactor at 105oC for4 hrs (COP-4A) 
and 2 hours (COP-4B).The resulting purple suspension was taken out and allowed to cool at room temperature. The purple 
suspension was treated withHCl and after vacuum filtration, the sample was washed with CHCl3, THF and H2O. Afterward the 
sample was dispersed for 24hrs in absolute ethanol for complete removal of residual acidic and basic contents. After vacuum 
filtration and 15 min of drying in oven, the finally off-white powdered COP adsorbent was formed.  
2.2. Characterisation 
FT-IR spectra was recorded as KBr pellet in the range of 4000 – 400 cm-1 using Perkin-Elmer FT-IR spectrometer. Nuclear 
Magnetic Resonance Spectroscopy (NMR) was performed on Bruker from 20ppm to 180ppm in order to confirm the structure of 
solid organic compound.Particle morphology was analyzed by Zeiss Supra 55 VP Field-Emission Scanning Electron Microscope 
(FESEM). 
2.3. Adsorption study 
N2 adsorption/desorption isotherms were measured at 298 K, in the pressure range of 0-1 bar, using Micrometrics ASAP 2020. 
Samples were degassed at 200 oC for 24 hr. Surface area and pore size distribution of samples was determined by Brunauer-
Emmett-Teller theory (BET). Ultra –high-purity-grade (99.9%) N2 was used for adsorption measurements. 
3. Results and discussion 
3.1. Characterisation 
The FT-IR spectra for all samples are shown in Figure 1a – b, clearly indicating the peaks between 1600 cm-1 and 1475 cm-1 
resulting from C=C (1567 cm-1) stretching vibration in benzene ring, bands in the 1600-1000cm-1 region corresponds to the 
typical stretching vibrations of aromaticheterocycles. The sharp peak at 1500cm-1 was due to C-C stretch in the aromatic ring 
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[17]. The peak centered at 1357 cm-1 in both samples was attributed to C=N stretching vibrations [18]. The peaks between 
1350cm-1-1000cm-1 (1176cm-1) were due to in plane C-N stretch [16]. The absence of characteristic C-Br stretching vibration at 
515cm-1 in both samples of COP-4 confirmed that all three bromide atoms are successfully substituted [16]. No characteristics 
absorption bands for C-Br were detected in all samples. 
 
 
Figure 1:  FTIR spectrum of COP-4A and COP-4B at (a) 4000- 450cm-1 (b) 1000-450 cm-1. 
 
Solid state 13C/MAS NMR measurement confirms the formation of phenyl-phenyl coupling in all samples as shown in Figure 2. 
The peaks at δ = 128.72 ppm in COP-4B indicates the C=C bond while the peak at δ = 136.20ppm and 172.65 ppm are ascribed 
to C-C and C-N group. All detected peaks are similar to previous report of Xiang et. al [7], indicating the synthesis of the 
adsorbent via microwave synthesis did not change the compound structure of the adsorbent. XRD analysis in Figure 3 shows the 
broad diffused diffraction peak at 2θ of 20o in all samples, thus confirming the amorphous structure of all the synthesized COP 
adsorbent.  
 
 
Figure 2:13C/MAS NMR spectra of (a) COP-4A and (b) COP-4B  
 
Figure 3: Powder X-Ray Diffraction of all samples of COP-4. 
3.2. Adsorption study 
The CO2 adsorption isotherm at 298 K and 1 barin Figure 4a and 4b, showing completely reversible adsorption with no 
hysteresis, indicating the adsorption is govern by physisorption rather than chemisorptions. materials COP-4B showed excellent 
CO2 uptake of 69.4mg g
-1, due to its high BET surface area (1461m2g-1) and homogeneous porous structure.Lower CO2 uptake of 
COP-4A (49.30mg g-1) is due to its BET surface area of 1397 m2 g-1. The shorter reaction time for COP-4B leads to lower yield 
of the adsorbent during reaction, which is further proven by the residual analysis done using EDX, showing residual bromine of 
0.16% for COP-4A and 0.13% for COP-4B. Higher BET surface area of COP-4A allows for more CO2 uptake. In comparison, 
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the CO2 uptake of COP-4A synthesized in this study is higher than the reported CO2 uptake of similar adsorbent prepared via 
conventional heating technique [7]. 
 
Figure4: CO2 Adsorption/desorption isotherms of COP-4 samples at 298K and 1 bar.  
 
4. Conclusion 
COP-4A and COP-4B was successfully synthesized in this study, with COP-4A showing higher BET surface area and CO2 
uptake as compared with COP-4B. Longer reaction time allow for better yield of the adsorbent material, as shown by the lower 
residual bromine content, leading to better CO2 adsorption. 
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